Chronic lithium treatment antagonizes glutamate-induced decrease of phosphorylated CREB in neurons via reducing protein phosphatase 1 and increasing MEK activities.
The cyclic AMP response element binding protein (CREB) has major roles in mediating adaptive responses at glutamatergic synapses and in the neuroprotective effects of neurotrophins. CREB has been implicated as a potential mediator of antidepressant actions. In vitro, chronic lithium treatment has been shown to promote neuronal cell survival. In the present study, we have used cultures of cerebellar granule neurons to analyze the effects of acute and chronic lithium treatment on the response to toxic concentrations of glutamate. Such concentrations of glutamate decrease the phosphorylation of CREB at serine(133) in an N-methyl-D-aspartate (NMDA) receptor-dependent manner. Chronic, but not acute, lithium treatment suppresses glutamate-induced decreases in phosphorylated CREB, and transfection studies indicate that chronic lithium, in the presence of a glutamate stimulus, markedly increases CRE-driven gene expression. Experiments with selected pharmacological reagents indicate that the glutamate-induced decreases in phosphorylated CREB are regulated primarily by protein phosphatase 1. Chronic lithium treatment not only decreases protein phosphatase 1 activity under these circumstances, but also augments glutamate-induced increases in MEK activity. PD 98059, a MEK inhibitor, prevents chronic lithium treatment from increasing phosphorylated CREB levels in glutamate-treated neurons. We conclude from these results that chronic lithium treatment is permissive for maintaining higher phosphorylated CREB levels in the presence of glutamate in part by decreasing protein phosphatase 1 activity and in part by increasing MEK activity. Higher levels of phosphorylated CREB and CRE-responsive genes such as bcl-2 may be responsible for lithium's reported effects on neuronal survival.